Background and objectives: Body mass index (BMI) in adolescence may be of particular importance as a predictor of future risk of coronary heart disease (CHD). Associations measured either in childhood or in middle age have appeared to be weaker or non-existent. We investigated the association between BMI measured in adolescence and CHD, and also stroke, among middle aged Swedish men and controlled for potential confounders not included in previous studies. A graded association between BMI and stroke was also found, although weaker. Adjustments for cardiovascular risk factors (smoking, diastolic and systolic blood pressure, and early cardiovascular mortality in parents) attenuated the relative risks to some extent, whereas adjustments for socioeconomic indicators in childhood and adulthood had minor effects.
Introduction
The prevalence of overweight and obesity among children and adolescents has increased dramatically in Sweden and other high-income countries during the last decades.
1,2 High body mass index (BMI) in adolescence has been demonstrated to be strongly related to future coronary heart disease (CHD), 3 whereas associations have appeared to be weaker or non-existent with BMI measured either in early childhood or in middle age. [4] [5] [6] [7] [8] The significance of BMI in adolescence in relation to cardiovascular disease (CVD) has also been indicated in autopsies of adolescents and young adults, where a relationship between obesity and coronary atherosclerosis has been found. 9, 10 However, studies on the association between adolescent overweight and obesity and future cardiovascular disease have been few. Socioeconomic conditions in childhood as well as in adulthood may be confounders of the relationship between overweight in adolescence and CVD in middle age. Social class in childhood has been shown to predict overweight 11, 12 as well as future CVD. 13 In a previous study based on the same cohort used for the present study, socioeconomic circumstances in childhood and adolescence predicted CVD among middle-aged men. 14 Furthermore, subjects with an early-established overweight seem to obtain less advantageous social positions in adulthood [15] [16] [17] and
show an increased risk for future disability pension. 18, 19 Disadvantaged socioeconomic positions in adult life may, in turn, affect the risk of CVD negatively, for example, through an unequal distribution of psychosocial risk factors at work and their negative effect on health-related behaviours. 20 Smoking and hypertension are known cardiovascular risk factors that may potentially confound the relationship between overweight in adolescence and CVD in middle age. As cardiovascular mortality in parents predicts CVD in the offspring, 21 this family burden may also be a potential confounder. The purpose of this study was to investigate the association between BMI in adolescence and CHD in a large cohort of Swedish men born during the years [1949] [1950] [1951] . As an additional outcome, we included stroke, as stroke was associated with BMI measured early in life in a recent study. 4 The following questions were addressed: (1) Is BMI in late adolescence related to CHD and stroke in middle-aged Swedish men? If so: (2) Is the relation confounded by indicators of social disadvantage in childhood? (3) Is the relation confounded by CVD risk factors (smoking and hypertension measured in adolescence, and family burden of CVD)? (4) Is the relation mediated by socioeconomic position in adulthood? Among these variables, only cigarette smoking and hypertension have been previously controlled for in studies of the association between BMI in adolescence and future cardiovascular outcomes.
Methods

Study population
The study was based on data from a nationwide survey of 49 321 Swedish males, born during the years 1949-1951, who were conscripted for compulsory military service in 1969/70. The background of the Swedish conscription surveys and the variables included has been presented in detail elsewhere. 22, 23 Only 2-3% of all Swedish men are exempted from conscription, in most cases due to severe handicaps or congenital disorders. Those included in this study accounted for 97.7% of all conscripts in 1969/70, the remaining 2.3% were born before 1949.
Information collected at the 1969/70 conscription examination At conscription, all men went through a health examination where length, weight, blood pressure, etc. were measured. All conscripts were seen by a physician who diagnosed any disorders according to the Swedish version of International Classification of Diseases (ICD code), 8th revision (ICD-8).
They were also seen by a psychologist for a structured interview. During the conscription, the men were asked to complete two questionnaires. The first concerned social background, behaviour and adjustment, psychological factors and health. The second dealt specifically with substance use, for example, alcohol consumption and tobacco smoking.
In the present study, the body weight and length of each conscript was measured and used to calculate the BMI. BMI was calculated using body weight (kg) divided by height (m) squared. In the analyses, BMI was divided into the following six categories: (1) ) and obesity (X30). 24 The normal weight category was thus divided into three categories to refine the analyses. Systolic and diastolic blood pressures in the conscripts were measured at the health examination and analysed as continuous variables in this study.
Smoking was reported in a questionnaire. In the analyses, smoking was divided into the following four categories: 1420 cigarettes/day, 2 ¼ 11-20 cigarettes/day, 3 ¼ 1-10 cigarettes/day and 4 ¼ non-smokers.
Census data on adulthood socioeconomic position and childhood social circumstances Information on adulthood socioeconomic group for each conscript was obtained by record linkage with the National Population and Housing Census of 1990 held by Statistics Sweden. This census had a response rate of over 98%. The record linkage was possible because of the unique personal identification number of every citizen in Sweden. The classification into the following eight socioeconomic groups in 1990 was conducted at Statistics Sweden and is based on information on occupation and the educational level required for the occupations: (1) unskilled workers, (2) skilled workers, (3) assistant non-manual employees, (4) non-manual employees at intermediate level, (5) nonmanual employees at higher level, (6) farmers, (7) selfemployed (mostly skilled workers or drivers) and (8) those for whom no occupation was reported (e.g. unemployed, early retired or disabled).
The conscripts and their parents were linked to each other between censuses through their personal identification numbers by Statistics Sweden. Information on 'childhood socioeconomic position' was obtained from the National Population and Housing Census of 1960 (response rate 99%), that is, when the subjects were 9-11 years old. A second classification, into the following six socioeconomic groups, was based on information on the occupation of the head of the household: (1) unskilled workers, (2) skilled workers, (3) assistant non-manual employees, (4) non-manual employees at intermediate or higher level, (5) farmers and (6) those not classified in a socioeconomic group. It was not possible to identify self-employed people in the 1960 census and they were classified according to their occupation.
From the National Population and Housing Census of 1960, we also received information on childhood living circumstances through information concerning the parents. Here, we used a measure of 'crowded housing' (in this census 42 people/room -kitchen not included -was classified as BMI in adolescence and CHD and stroke in middle-age D Falkstedt et al crowded) from census information concerning the head of the household in 1960, that is, when the subjects were 9-11 years of age. Information on cause of and age at death in the parents was obtained from the National Cause of Death Register (administered by the Centre for Epidemiology at the National Board of Health and Welfare in Sweden). They were followed with regard to CVD mortality before age 65 years between 1961 and 2002 (ICD code, 7th Revision (ICD-7: 400-468), 8th Revision (ICD-8: 390-458), 9th Revision (ICD-9: 390-459) and 10th Revision (ICD-10: I00-I99)). 
Information on outcomes
Data analysis
For potential confounders and mediators at different stages of the life-course, the number and proportion of exposed subjects in the different categories of BMI were calculated. Test for trends over BMI categories was conducted according to the Cochran-Armitage trend test using the FREQ procedure (for frequency tables) in the SAS computer package, except for continuous variables (systolic and diastolic blood pressures) where the corresponding measure was obtained by using the REG procedure (linear regression).
Associations between BMI and CHD and stroke were calculated as hazard ratios, with 95% confidence intervals, in both univariate and multivariate models (including the potential confounders) using the PHREG procedure (Cox proportional-hazards regression) in the SAS computer package.
Results
There were 48 283 men still alive in 1990. Of them, 47 678 (98.7%) participated in the census that year. Our presentations are based on those 46 156 men (96.8%) for whom there was information on all the variables included in the final analyses ( Table 1) .
Prevalence of indicators of social disadvantage in childhood, cardiovascular risk factors measured at ages 18-20 years, and adult socioeconomic positions in the BMI categories To originate from a low socioeconomic position, to have experienced crowded housing in childhood, to become a manual worker in adulthood and having had a parent who died in CVD before age 65 years were all factors more common in higher BMI categories than in lower. Mean diastolic and systolic blood pressure at ages 18-20 years increased strongly from the lowest to the highest BMI category. The prevalence of smoking (40 cigarettes per day) appeared to be distributed in a U-shaped fashion in relation to BMI (Table 2 ). However, heavier smoking was found to be more prevalent in higher BMI categories (data not shown).
Occurrence of CHD and stroke in the BMI categories Among the men included in the analyses, 1452 men received a hospital diagnosis of CHD and 590 of stroke (fatal and nonfatal) during the years 1991-2004. The prevalence of CHD increased gradually from the lowest to the highest BMI categories. The prevalence of stroke was similarly distributed in relation to BMI although the increase was not as steep (Tables 3 and 4) .
In univariate analyses, the risk of CHD increased significantly for each BMI category above the reference category (Table 3 ). This BMI gradient was still present in the multivariate models, although adjustment for CVD risk factors (smoking, systolic and diastolic blood pressure at ages 18-20 years, and parents' death by CVD before age 65 years) somewhat attenuated the relations. Adjustments for socioeconomic position and crowded housing in childhood or socioeconomic position in adulthood had only minor effects on the risks associated with BMI.
In Table 4 , the analyses of the relation between BMI at ages 18-20 years and stroke during follow-up are presented. In the univariate analysis, BMI was found to be positively, although 
Discussion
In this study, we found a positive association between BMI measured at ages 18-20 years and CHD and stroke at ages 40-55 years. The relative risk of CHD associated with BMI in adolescence increased gradually from the lowest to the highest BMI categories. An association between BMI and stroke was also found, although weaker. After adjustments for smoking and blood pressure measured at ages 18-20 years, and early CVD mortality of a parent, the risks of CHD and stroke were attenuated to some extent in the overweight and obese categories. Adjustments for socioeconomic position and crowded housing in childhood and socioeconomic position in adulthood had only minor effects on the relations.
Methodological considerations
Most studies of relations between early-life factors and health outcomes in adult life rely on retrospective information collected at some point of the subjects' adult life. In our study, no retrospective information was used. Hence, an important measurement problem affecting longitudinal studies of this kind is likely to be minimized. 25 The information on blood pressure and smoking at age 18-20 years must, to some extent, be misclassified as indicators of the situation at the start of the follow-up 20 years later. It is likely that high blood pressure would have been more common in overweight subjects, if also measured during follow-up. 26 Whether the last decades of decreasing tobacco use have affected the distribution of smoking in relation to BMI is uncertain, but long-term smokers have been found to gain less weight than non-smokers. 27 Information on other risk factors, for example, dyslipidemia and diabetes, that has been suggested as possible links between obesity and cardiovascular disease, 28 were not available in the present study.
Comparison with previous studies
In the case-control study by Hoffmans et al., 3 the relative risk of CHD mortality between ages 18 and 49 years (adjusted for blood pressure, resting heart rate, initial health condition, educational level and place of residence at birth) was 1. . In a study of approximately 500 adolescents, 13-18 years old, who participated in the Harvard Growth Study 1922-1935, the relative risk of CHD mortality was similarly increased 2, 3 among overweight male subjects after 55 years of follow-up. 5 With BMI measured in childhood or middle age, associations with cardiovascular disease outcomes have appeared to be weaker. In a study of BMI measured in subjects with a mean age of 4.9 years, no association with CHD during the followup was found after adjustment for sex, social class of the father at birth, number of siblings and birth weight, 4 although an association with stroke was indicated. In a study of the Boyd Orr cohort, 29 an association between BMI in 2-to 14-year-old subjects and CHD during 57 years of follow-up 1981-2004 was found. However, subgroup analyses (with few cases) suggested that the association was limited to those who were 8 years and older. Stronger relations with increasing childhood age have also been seen in studies of childhood obesity and carotid intima-media thickness in adulthood. 30, 31 When measured in early and mid-adulthood in a cohort of 629 young men in Glasgow, overweight at age 22 years was a better predictor (hazard ratio ¼ 2.41) of future CVD mortality than overweight at age 38 years (1.33). 6 Pre-adult overweight was also shown to be a more powerful predictor than overweight later in life also among the approximately 500 participants from the Harvard Growth Study 1922-1935. 5 The older the subjects when BMI is measured, the weaker appears to be the association with all cause and CVD mortality. 32 Thus, mortality from cardiovascular diseases, such as CHD and stroke, seems to have a stronger relationship with overweight and obesity in adolescence and young adulthood than in early childhood and middle age. It may be that BMI measured in late adolescence is a particularly strong indicator of high prevalence longterm exposure of overweight and obesity. This is supported by studies of associations between obesity in childhood and adulthood, where prediction of adult obesity seems to be stronger in older children and adolescents. 31, 33, 34 In a recent study, Freedman et al. 30 emphasized the importance of degree and duration of increased BMI in relation to CHD risk. A cumulative effect is further supported by the finding that relations between obesity in childhood/adolescence and increased intima-media thickness (IMT) in adulthood seem to be dependent on adult obesity, and that long-term obesity has a particularly strong effect on IMT. 28, 30, 31 Weight gain after adolescence may also affect the risk of CVD. 35 One study suggested an impact of weight gain per se on future CVD risk that could be attributed neither to absolute weight BMI in adolescence and CHD and stroke in middle-age D Falkstedt et al in young adulthood nor to levels of risk factors which may have appeared as a result of later weight gain. 36 Thus, maintaining ideal weight from childhood onwards may be a strategy for prevention of cardiovascular diseases in adulthood.
Interpretation of the results
Cardiovascular risk factors, such as increased blood pressure and cholesterol, have been shown to cluster in young overweight and obese subjects. 37, 38 Nevertheless, overweight and obesity may have an independent effect on CVD and mortality, even when follow-up periods are long. 7, 36 The relationship does not seem to be fully attributable to cardiovascular risk factors such as cigarette smoking, cholesterol, left ventricular hypertrophy, glucose intolerance and hypertension. 3, 8, 36 In this study, adjustment for high blood pressure and cigarette smoking in adolescence and early mortality from CVD of a parent did, only to some extent, attenuate the associations with CHD and stroke. It has been hypothesized that CVDs such as CHD, related to BMI, may have a long induction-latency period. 39 The multivariate analyses demonstrated that the associations of BMI in adolescence with CHD and stroke remained strong and only slightly attenuated after adjustment for socioeconomic position and crowded housing in childhood. The multivariate analyses also showed that the associations were unaffected by control of the socioeconomic positions in adulthood among the men, that is, mediation by adult socioeconomic circumstances was not supported. However, men in low socioeconomic position in childhood were more likely to be overweight and obese as adolescents, and men who themselves were manual workers in 1990 were more likely to have been in high BMI categories in adolescence.
Like other studies of BMI in adolescence or adulthood and future CVD outcomes, 3, 6 this study was based on a male cohort. Consequences of overweight in adolescence may be dependent on sex. In the study by Must et al., 5 CHD morbidity and atherosclerotic disease associated with overweight in adolescence were seen in both the sexes, whereas mortality in CHD was only seen among men. Negative social and economic outcomes, related to preceding high BMI, also seems to differ between the sexes. 40, 41 Studies of female subjects are needed in this area of research.
In conclusion, BMI in men at age 18-20 years was positively associated with CHD and stroke during follow-up between 1991 and 2003, that is, at 40-55 years of age. After adjustment for cardiovascular risk factors, the relative risks were attenuated to some extent. Adjustments for socioeconomic position and crowded housing in childhood and own socioeconomic position in adulthood did not further attenuate the relative risks. The results strongly suggest that BMI in late adolescence is an important predictor of relatively early CHD and stroke among men, independent of smoking, hypertension and early cardiovascular mortality in parents. Further attention in research and prevention to the relationship between BMI in childhood and adolescence and future CVD is warranted.
